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(54) COMMUNICATION DEVICE AND COMMUNICATION SYSTEM

(57) An object of the present invention would be to
propose a communication device and a communication
system which are capable of suppressing collision be-
tween beacon signals sent from two systems with differ-
ent communication schemes. A communication device
(1) according to one aspect of the present invention in-
cludes a communication unit (11) and a control unit (12)
configured to control the communication unit (11). The
communication unit (11) is configured to send to and re-

ceive from an upper communication device (2) and at
least one communication terminal (3) a wireless signal
using a radio wave as a communication medium. The
control unit (12) is configured to, when a predetermined
length of time elapses from receiving a first beacon signal
from the upper communication device (2) by the commu-
nication unit (11), instruct the communication unit (11) to
send a second beacon signal to the at least one commu-
nication terminal (3).
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Description

Technical Field

[0001] The present invention relates generally to communication devices and communication systems and particularly
to a communication device and a communication system which enables cooperation of two systems with different
communication schemes.

Background Art

[0002] In the past, there has been proposed a transmission system in which a plurality of terminal devices and a
beacon signal generation device are connected to a signal line (for example, JP 2007-166105 A (hereinafter referred to
as "Document 1 ")). According to the transmission system disclosed in Document 1, any two terminal devices of the
plurality of terminal devices transmit voice signals by use of time slots set in synchronization with a beacon signal
outputted from the beacon signal generation device to permit a telephone conversation therebetween.

Summary of Invention

[0003] To make the transmission system disclosed in Document 1 cooperate with another system with a different
communication scheme from it, it is necessary to synchronize the transmission system with the other system by making
the transmission system receive a beacon signal from the other system. However, the individual beacon signals are
sent from the other system and the beacon signal generation device at individual timings, and this may lead to a collision
between the beacon signals.
[0004] In view of the above insufficiency, an object of the present invention would be to propose a communication
device and a communication system which are capable of suppressing collision between beacon signals sent from two
systems with different communication schemes.
[0005] A communication device according to one aspect of the present invention is configured to constitute an upper
system together with an upper communication device, to constitute, together with at least one communication terminal,
a lower system using a communication scheme different from a communication scheme of the upper system, and to
establish synchronous communication with the upper communication device and the at least one communication terminal.
The communication device includes a communication unit and a control unit configured to control the communication
unit. The communication unit is configured to send to and receive from the upper communication device and the at least
one communication terminal a wireless signal using a radio wave as a communication medium. The control unit is
configured to, when a predetermined length of time elapses from receiving a first beacon signal from the upper commu-
nication device by the communication unit, instruct the communication unit to send a second beacon signal to the at
least one communication terminal.
[0006] A communication system according to one aspect of the present invention includes: the aforementioned com-
munication device; an upper communication device; and at least one communication terminal. The upper communication
device is configured to constitute an upper system together with the communication device and to send a first beacon
signal to the communication device. The at least one communication terminal is configured to constitute a lower system
together with the communication device and to communicate with the communication device by a communication scheme
different from a communication scheme used by the upper communication device to communicate with the communication
device.

Brief Description of Drawings

[0007]

FIG. 1 is a block diagram of configurations of a communication device and a communication system according to
Embodiment 1 of the present invention.
FIG. 2 is an explanatory diagram of operations of a communication device and a communication system according
to a Comparative Example in relation to Embodiment 1 of the present invention.
FIG. 3 is an explanatory diagram of operations of the communication device and the communication system according
to Embodiment 1 of the present invention.
FIG. 4 is a timing chart of operations of the communication device and the communication system of the above.
FIG. 5 is an explanatory diagram of operations of a communication device and a communication system according
to Embodiment 2 of the present invention.
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Description of Embodiments

[0008] Hereinafter, communication devices and communication systems according to embodiments of the present
invention are described in more detail with reference to attached drawings. However, configurations described below
serves as some of examples of the present invention, and of course the scope of the present invention is not limited to
including following Embodiments 1 and 2 only. Therefore, configurations other than these Embodiments 1 and 2 may
be included in the scope of the present invention and also they can be modified in various ways according to design or
the like as long as they do not depart from the technical concept of the present invention.

(EMBODIMENT 1)

[0009] As shown in FIG. 1, a communication system of the present embodiment includes an upper system 10. This
upper system 10 includes a plurality of (two, in the illustration) lower systems 20A and 20B, an upper communication
device (hereinafter also referred to as an "upper system master") 2, and a server 4. Hereinafter, when there is no intent
to distinguish the plurality of lower systems 20A and 20B from one another, the plurality of lower systems 20A and 20B
each are referred to as a "lower system 20".
[0010] Note that, in relation to FIG. 1, broken arrows denote transmission paths of wireless signals. In this regard,
communication terminals 3A and 3B also can communicate with the upper communication device 2. However, only for
simplification, FIG. 1 does not illustrate broken arrows between the communication terminals 3A and 3B and the upper
communication device 2.
[0011] The following description is made in relation to a case where a communication system applies to a single
dwelling. Examples of buildings where communication systems apply may not be limited to single dwellings but may
include multiple dwellings, and nonresidential buildings such as offices and stores.
[0012] As shown in FIG. 1, the upper system master 2 includes an upper control unit 21 and an upper communication
unit 22. This upper system master 2 is an AC-powered device, and is configured to operate with power supplied from a
commercial power supply, for example.
[0013] The upper control unit 21 is, for example, realized by a microcomputer including at least one CPU (Central
Processing Unit) and at least one memory as main components, and when the at least one CPU executes at least one
program stored in the at least one memory, the microcomputer functions as the upper control unit 21. In this case, the
at least one program to be executed by the at least one CPU is stored in the at least one memory of the upper control
unit 21. However, the at least one program may be available as being stored in advance in at least one recording medium
such as memory cards, or as being provided through telecommunications circuits such as the Internet.
[0014] The upper communication unit 22 includes an antenna, a sending circuit, and a receiving circuit, and is configured
to send and receive a wireless signal S1 (see FIG. 4) using a radio wave as a communication medium. The sending
circuit produces the wireless signal S1 through modulation with data inputted from the upper control unit 21 and sends
the wireless signal S1 through the antenna. The receiving circuit demodulates the wireless signal S1 received through
the antenna and outputs data obtained through demodulation to the upper control unit 21. The upper communication
unit 22 sends and receives the wireless signal S1 in conformity with "specified small power radio station" stipulated in
Article 6, paragraph 4, item 2 of regulations of enforcement of the Japanese Radio Act, for example.
[0015] Additionally, the upper communication unit 22 is connected to the server 4 through a network NT. And, the
upper communication unit 22 is configured to send to the server 4 through the network NT data obtained from the lower
system 20 through wireless communication. In summary, in the present embodiment, the upper system master 2 functions
as a gateway that interconnects the plurality of lower systems 20 and the server 4.
[0016] As shown in FIG. 1, the lower system 20A includes one communication device (hereinafter also referred to as
a "lower system master") 1, and a plurality of (three, in the illustration) communication terminals (hereinafter also referred
to as "lower system slaves") 3A to 3C. Hereinafter, when there is no intent to distinguish the plurality of lower system
slaves 3A to 3C from one another, the plurality of lower system slaves 3A to 3C each are referred to as a "lower system
slave 3". Note that, the plurality of lower system slaves 3 have same configurations and functions. For this reason, in
the following, descriptions are made to configurations and functions of one lower system slave 3 of the plurality of lower
system slaves 3.
[0017] The lower system master 1 is a fire alarm. The lower system master 1 has a function of detecting occurrence
of a fire, and is placed on a ceiling of a room of a single dwelling, for example. As shown in FIG. 1, the lower system
master 1 includes a communication unit 11, a control unit 12, a fire detector 13, and an alarm 14. The lower system
master 1 is a battery-powered device, and is configured to operate with power supplied from a built-in battery, for example.
[0018] The communication unit 11 includes an antenna, a sending circuit, and a receiving circuit, and is configured to
send and receive a wireless signal S1 (see FIG. 4) using a radio wave as a communication medium. The sending circuit
produces the wireless signal S1 through modulation with data inputted from the control unit 12 and sends the wireless
signal S1 through the antenna. The receiving circuit demodulates the wireless signal S1 received through the antenna
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and outputs data obtained through demodulation to the control unit 12. The communication unit 11 sends and receives
the wireless signal S1 in conformity with "security radio equipment for low power radio station" stipulated in Article 6,
paragraph 4, item 3 of regulations of enforcement of the Japanese Radio Act, for example. As shown in FIG. 1, the
communication unit 11 can communicate with the upper communication unit 22 of the upper system master 2, and also
can communicate with a transceiver 31 (described later) of the lower system slave 3.
[0019] The control unit 12 is, for example, realized by a microcomputer including at least one CPU and at least one
memory as main components, and when the at least one CPU executes at least one program stored in the at least one
memory, the microcomputer functions as the control unit 12. In this case, the at least one program to be executed by
the at least one CPU is stored in the at least one memory of the control unit 12. However, the at least one program may
be available as being stored in advance in at least one recording medium such as memory cards, or as being provided
through telecommunications circuits such as the Internet.
[0020] The fire detector 13 is configured to detect a smoke accompanied by occurrence of a fire and change a detection
amount (for example, a voltage) according to a generation amount of the smoke (concentration). Examples of a method
for detecting a smoke may include a photoelectric method and a thermal method. The photoelectric method detects
occurrence of a smoke by detecting by a light receiving element scattered light caused by reflection of light emitted from
a light emitting element by particles of a smoke. The thermal method detects occurrence of a fire based on heat accom-
panied by occurrence of a fire. The fire detector 13 compares the detection amount with a threshold value preliminary
set by the fire detector 13. When the detection amount exceeds the threshold value, the fire detector 13 determines that
a fire has occurred.
[0021] The alarm 14 includes a buzzer for producing a buzzer sound, and a speaker for reproducing a voice message.
[0022] The lower system slave 3 is a fire alarm like the lower system master 1. The lower system slave 3 has a function
of detecting occurrence of a fire and is placed on a ceiling of a room of a single dwelling, for example. As shown in FIG.
1, the lower system slave 3 includes a transceiver 31, a processor 32, a timer 33, a fire detector 34, and an alarm 35.
Like the lower system master 1, the lower system slave 3 is a battery-powered device, and is configured to operate with
power supplied from a built-in battery, for example.
[0023] The transceiver 31 includes an antenna, a sending circuit, and a receiving circuit, and is configured to send
and receive a wireless signal S1 (see FIG. 4) using a radio wave as a communication medium. The sending circuit
produces the wireless signal S1 through modulation with data inputted from the processor 32 and sends the wireless
signal S1 through the antenna. The receiving circuit demodulates the wireless signal S1 received through the antenna
and outputs data obtained through demodulation to the processor 32. The transceiver 31 sends and receives the wireless
signal S1 in conformity with "security radio equipment for low power radio station" stipulated in Article 6, paragraph 4,
item 3 of regulations of enforcement of the Japanese Radio Act, for example. As shown in FIG. 1, the transceiver 31
can communicate with the upper communication unit 22 of the upper system master 2, and also can communicate with
the communication unit 11 of the lower system master 1.
[0024] The processor 32 is, for example, realized by a microcomputer including at least one CPU and at least one
memory as main components, and when the at least one CPU executes at least one program stored in the at least one
memory, the microcomputer functions as the processor 32. In this case, the at least one program to be executed by the
at least one CPU is stored in the at least one memory of the processor 32. However, the at least one program may be
available as being stored in advance in at least one recording medium such as memory cards, or as being provided
through telecommunications circuits such as the Internet.
[0025] The timer 33 is a timer built in a microcomputer, for example. The timer 33 is configured to measure a length
of elapsed time from receiving of a second beacon signal B2 described below from the lower system master 1. When
the transceiver 31 receives the second beacon signal B2 from the lower system master 1, the timer 33 is reset and then
starts to measure the length of elapsed time.
[0026] The fire detector 34 has the same configuration as the aforementioned fire detector 13 and thus detailed
description thereof is omitted only for avoiding redundancy. And the alarm 35 also has the same configuration as the
aforementioned alarm 14 and thus detailed description thereof is omitted only for avoiding redundancy.
[0027] The lower system 20B includes one lower system master and a plurality of lower system slaves like the lower
system 20A. Note that, as for the lower system 20B, the lower system master and the lower system slaves each include
a CO detector instead of the fire detector 34. In the lower system 20B, the lower system master and the lower system
slaves each have a function of detecting generation of carbon monoxide (CO). These lower system master and lower
system slaves are mounted on a ceiling of a basement or a garage of a single dwelling, for example. Note that, the lower
system 20B has the same configurations as the lower system 20A except for the CO detector. Therefore, in the following
only the CO detector is described and descriptions of other configurations are omitted only for avoiding redundancy.
[0028] The CO detector is configured to detect carbon monoxide and change a detection amount (for example, a
voltage) according to a generation amount of the carbon monoxide (concentration). Examples of a method for detecting
carbon monoxide may include an electrochemical method, a contact combustion based method, and a semiconductor
based method. The electrochemical method is a method of measuring a generation amount of carbon monoxide based
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on electric energy converted from chemical reaction energy produced by oxidation-reduction reaction. The contact
combustion based method is a method of measuring a generation amount of carbon monoxide based on change in a
voltage accompanied by an increase in a resistance of a detection element due to combustion resulting from a reaction
of carbon monoxide with the detection element. The semiconductor based method is a method of measuring a generation
amount of carbon monoxide based on a change in electric conductivity of a metal oxide semiconductor due to adsorption
of gas on a surface thereof. The CO detector compares the detection amount with a threshold value preliminary set by
the CO detector. When the detection amount exceeds the threshold value, the CO detector determines that carbon
monoxide has been generated.
[0029] As shown in FIG. 1, the server 4 is connected to the upper system master (upper communication device) 2
through the network NT. Thus, the server 4 receives, from the upper system master 2 through the network NT, data
which the upper system master 2 receives from the lower system master 1 or any of the lower system slaves 3.
[0030] In this regard, based on fire information which the upper system master 2 obtains from the lower system master
1 or any of the lower system slaves 3 of the lower system 20A, the upper system 10 sends notification that a fire has
occurred, to the server 4 through the network NT. Additionally, in the upper system 10, a cooperation stop signal for
stopping a fire cooperation warning (described later) of the lower system master 1 and the lower system slaves 3 is sent
from the server 4 to the upper system master 2 through the network NT. Therefore, according to the upper system 10,
the fire cooperation warning of the lower system master 1 and the lower system slaves 3 is stopped by the cooperation
stop signal sent from the server 4.
[0031] The communication system of the present embodiment applies time division multiple access (TDMA) for com-
munication between the lower system master 1 and the plurality of lower system slaves 3 constituting the lower system
20. In more detail, as shown in FIG. 2 and FIG. 3, each of the plurality of lower system slaves 3 is configured to send
the wireless signal S1 only within a time slot TSn which is one of a plurality of time slots TSn (n = 1, 2, ...) and is allocated
to the lower system slave 3. Additionally, the lower system master 1 is configured to, for each of the plurality of time
slots TSn, receive the wireless signal S1 from a corresponding lower system slave 3. FIG. 2 and FIG. 3 show F1 which
denotes a frame constituted by the plurality of time slots TSn (n = 1, 2, ...).
[0032] FIG. 2 is an explanatory diagram of operations of a communication system according to a comparative example
in relation to the present embodiment. As shown in FIG. 2, the upper system master 2 sends a first beacon signal B1
to the lower system master 1 and the lower system slaves 3 each time a first length of time T1 (for example, four seconds)
elapses. While, the lower system master 1 sends the second beacon signal B2 to the lower system slaves 3 each time
a fourth length of time T4 (for example, two seconds) elapses.
[0033] The lower system master 1 can receive the wireless signals S1 from the plurality of lower system slaves 3
within the plurality of time slots TSn (n = 1, 2, ...) set after sending of the second beacon signal B2. For example, when
there are three lower system slaves 3, the lower system master 1 can receive the wireless signal S1 from the lower
system slaves 3 within the time slots TS1 to TS3. Apparently, in the communication system according to the comparative
example, the lower system 20 allows the lower system master 1 and the lower system slaves 3 to establish synchronous
communication according to the second beacon signal B2.
[0034] Note that, in the communication system according to the comparative example, the lower system master 1 and
the lower system slaves 3 do not receive the first beacon signal B1 which is regularly sent from the upper system master
2. Stated differently, the lower system master 1 and the lower system slaves 3 are not synchronized with the upper
system master 2. Therefore, the lower system master 1 sends the second beacon signal B2 irrespective of presence of
the first beacon signal B1 from the upper system master 2, and this may result in collision between the first beacon
signal B1 and the second beacon signal B2.
[0035] In view of this, in the communication system of the present embodiment, to suppress collision between the first
beacon signal B1 from the upper system master 2 and the second beacon signal B2 from the lower system master 1,
the lower system master 1 is configured as described below.
[0036] FIG. 3 is an explanatory diagram of operations of the communication system according to the present embod-
iment. In the same manner as in FIG. 2, the upper system master 2 sends the first beacon signal B1 to the lower system
master 1 and the lower system slaves 3 each time the first length of time T1 elapses. While, the lower system master
1 and the lower system slaves 3 receive the first beacon signal B1 from the upper system master 2. As a result, the
lower system master 1 and the lower system slaves 3 are allowed to establish synchronous communication with the
upper system master 2.
[0037] As shown in FIG. 3, the lower system master 1 sends the second beacon signal B2 to the lower system slave
3 when a predetermined period of time T3 (for example, one second) elapses from receiving the first beacon signal B1
from the upper system master 2. This makes a time lag between sending of the first beacon signal B1 and sending of
the second beacon signal B2, and this may result in suppressing collision between the first beacon signal B1 and the
second beacon signal B2.
[0038] In this regard, it is preferable that a length of the frame F1 be shorter than a second length of time T2 calculated
by subtracting the predetermined length of time T3 from the first length of time T1 equal to a sending interval of the first
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beacon signal B1. In this case, as shown in FIG. 3, the frame F1 can be set within a period of time from sending of the
second beacon signal B2 to receiving of the first beacon signal B1 which comes next. Accordingly, the lower system
master 1 can receive the first beacon signal B1 and also can receive the wireless signals S1 from the plurality of lower
system slaves 3 within the frame F1.
[0039] Note that, in this communication system, it is preferable that the lower system master 1 and the lower system
slaves 3 can establish bidirectional communication with the upper system master 2. In the communication system
according to the comparative example, as described above, the lower system master 1 and the lower system slaves 3
are not synchronized with the upper system master 2. However, there is a communication period of time CP1 (for
example, 100 milliseconds) set within an interval between the second beacon signal B2 and the frame F1 (see FIG. 2).
Accordingly, the lower system master 1 and the lower system slaves 3 are allowed to communicate with the upper
system master 2 by use of the communication period of time CP1. However, the communication period of time CP1 is
relatively short, and therefore communication may be interrupted due to contents of the communication.
[0040] In contrast, in the communication system of the present embodiment, a period of time from receiving of the first
beacon signal B1 from the upper system master 2 to sending of the second beacon signal B2 to the lower system slaves
3 by the communication unit 11 of the lower system master 1 is set as a communication period of time CP2 (see FIG.
3). Accordingly, a length of time allocated to the communication period of time CP2 is equal to the predetermined length
of time T3 and therefore is one second in the present embodiment. Therefore, in the communication system of the
present embodiment, the communication period of time CP2 is longer than the communication period of time CP1 and
interruption of communication can be suppressed. The communication period of time CP2 allows the lower system
master 1 and the lower system slaves 3 to communicate with the upper system master 2 in a bidirectional manner.
[0041] Next, operations of the communication system of the present embodiment are described with reference to FIG.
4. The following description is made to an example where one upper system master 2, one lower system master 1, and
three lower system slaves 3A to 3C communicate with each other. The following description relates to a case where the
fire detector 34 detects occurrence of a fire. However, the following description applies mutatis mutandis to a case where
a CO detector detects generation of carbon monoxide.
[0042] In FIG. 4, "Sending" of "Upper System Master 2" denotes operation of the sending circuit of the upper commu-
nication unit 22 (each hatched box indicates it is in sending operation), and "Receiving" of "Upper System Master 2"
denotes operation of the receiving circuit of the upper communication unit 22 (each hatched box indicates it is in receiving
operation). Additionally, in FIG. 4, "Sending" of "Lower System Master 1" denotes operation of the sending circuit of the
communication unit 11 (each hatched box indicates it is in sending operation), and "Receiving" of "Lower System Master
1" denotes operation of the receiving circuit of the communication unit 11 (each hatched box indicates it is in receiving
operation). Further, in FIG. 4, "Sending" of each of "Lower System Slave 3A", "Lower System Slave 3B", and "Lower
System Slave 3C" denotes operation of the sending circuit of the transceiver 31 (each hatched box indicates it is in
sending operation). Furthermore, in FIG. 4, "Receiving" of each of "Lower System Slave 3A", "Lower System Slave 3B",
and "Lower System Slave 3C" denotes operation of the receiving circuit of the transceiver 31 (each hatched box indicates
it is in receiving operation).
[0043] When the upper communication unit 22 of the upper system master 2 sends the first beacon signal B1, the
communication unit 11 of the lower system master 1 and the transceivers 31 of the lower system slaves 3A to 3C receive
the first beacon signal B1 respectively. The upper communication unit 22 sends the first beacon signal B1 to the lower
system master 1 and the lower system slaves 3A to 3C each time the first length of time T1 elapses. Accordingly, in the
communication system of the present embodiment, the lower system master 1 and the lower system slaves 3A to 3C
establish synchronous communication with the upper system master 2 according to the first beacon signal B1 from the
upper system master 2.
[0044] For example, when the fire detector 34 of the lower system slave 3B detects a fire, the processor 32 of the
lower system slave 3B generates a notification signal S11 including a detection result of the fire detector 34. Then, the
processor 32 instructs the transceiver 31 to send the notification signal S 11 to the upper system master 2 by use of
time slots set in synchronization with the first beacon signal B1. Additionally, the processor 32 instructs the alarm 35 to
issue a fire warning in response to the detection result of the fire detector 34. The fire warning means a warning which
a fire alarm at the origin of the fire issues in order to announce occurrence of the fire. For example, the processor 32
instructs the alarm 35 to make a buzz by its buzzer, or instructs the alarm 35 to make a message stating "Fire!" or the
like by its speaker. When receiving the notification signal S11 from the lower system slave 3B, the upper control unit 21
of the upper system master 2 instructs the upper communication unit 22 to send an acknowledgement (ACK) signal S12
to the lower system slave 3B.
[0045] After that, the processor 32 of the lower system slave 3B instructs the transceiver 31 to send a notification
signal S13 including the detection result of the fire detector 34 to the lower system master 1 and the lower system slaves
3A and 3C by use of the aforementioned time slots. At this time, the communication unit 11 of the lower system master
1 and the transceivers 31 of the lower system slaves 3A and 3C are in receiving states. When receiving the notification
signal S13 from the lower system slave 3B, the control unit 12 of the lower system master 1 instructs the communication



EP 3 273 732 A1

7

5

10

15

20

25

30

35

40

45

50

55

unit 11 to send an acknowledgement signal to the lower system slave 3B, and instructs the alarm 14 to issue the fire
cooperation warning. The fire cooperation warning is a warning which a fire alarm not at the origin of the fire issues to
announce occurrence of the fire. For example, the control unit 12 instructs the alarm 14 to make a buzz by its buzzer,
or instructs the alarm 14 to make a message stating "Fire is occurring at another place. Please move apart from the
building immediately" or the like by its speaker. Similarly, when receiving the notification signal S 13 from the lower
system slave 3B, the processors 32 of the lower system slaves 3A and 3C instruct the transceivers 31 to send acknowl-
edgement signals to the lower system slave 3B, and instruct the alarms 35 to issue the fire cooperation warnings.
[0046] After receiving the notification signal S13 from the lower system slave 3B, the control unit 12 of the lower system
master 1 instructs the communication unit 11 to send the second beacon signal B2 to the lower system slaves 3A to 3C
at a timing when the predetermined length of time T3 elapses from receiving of the first beacon signal B1. The lower
system slaves 3A to 3C receive the second beacon signal B2 from the lower system master 1 and thus establish
synchronous communication with the lower system master 1.
[0047] Note that, in the present embodiment, the lower system slaves 3A and 3C are supposed to be located within
an area where which they can receive the notification signal S 13 from the lower system slave 3B. However, actually,
in some cases the lower system slaves 3 may be located within an area where they cannot receive the notification signal
S 13 from the lower system slave 3B. In contrast, the lower system master 1 is located in an area where it can send to
and receive from all the lower system slaves 3 the wireless signal S1. To address a possible case where one or more
of the lower system slaves 3 may be located in an area where it or they cannot receive the notification signal S13 from
the lower system slave 3B, it is preferable to include a notification signal in the second beacon signal B2 which is sent
from the lower system master 1 first (broadcasting). As the result, all the lower system slaves 3 can receive notification
signals. Of course, notification signals may be sent independent from the second beacon signal B2.
[0048] Next, the cooperation stop signal for stopping the fire cooperation warning of the lower system master 1 and
the lower system slaves 3 is sent from a manual operation terminal such as a smartphone to the upper system master
2 by way of the server 4. Then, the upper control unit 21 of the upper system master 2 instructs the upper communication
unit 22 to send a cooperation stop signal S 14 to the lower system master 1 and the lower system slaves 3 within the
communication period of time CP2. When receiving the cooperation stop signal S 14 from the upper system master 2,
the lower system master 1 and the lower system slaves 3A and 3C instruct the alarm 14 and the alarms 35 to stop the
fire cooperation warnings in accordance with the cooperation stop signal S14. While, the lower system slave 3B is the
fire alarm at the origin of the fire and therefore instructs the alarm 35 to continue the fire warning in spite of receiving of
the cooperation stop signal S14.
[0049] When determining, based on the detection result of the fire detector 34, that the fire has been extinguished,
the processor 32 of the lower system slave 3B instructs the transceiver 31 to send a notification signal S 15 including
the detection result of the fire detector 34 to the upper system master 2 within the communication period of time CP2.
When receiving the notification signal S15 from the lower system slave 3B, the upper control unit 21 of the upper system
master 2 instructs the upper communication unit 22 to send an acknowledgement signal S16 to the lower system slave
3B within the communication period of time CP2.
[0050] Additionally, the processor 32 of the lower system slave 3B instructs the transceiver 31 to send a notification
signal S17 including the detection result of the fire detector 34 to the lower system master 1 and the lower system slaves
3A and 3C within a period of time corresponding to the time slot TS2 allocated to the lower system slave 3B. The control
unit 12 of the lower system master 1 stops sending of the second beacon signal B2 in response to the notification signal
S 17 from the lower system slave 3B. After that, the lower system master 1 and the lower system slaves 3A to 3C
establish synchronous communication in accordance with the first beacon signal B1 from the upper system master 2.
[0051] Note that, in the communication system of the present embodiment, as described above, the communication
unit 11 of the lower system master 1 and the upper communication unit 22 of the upper system master 2 are configured
to establish bidirectional communication with each other within the communication period of time CP2. However, in a
case where a communication error between the communication unit 11 and the upper communication unit 22 takes
place, there is a possibility that communication between the communication unit 11 and the upper communication unit
22 do not end within the communication period of time CP2. To address this case, it is preferable that the control unit
12 be configured to instruct the communication unit 11 not to send the second beacon signal B2 to prioritize communication
between the communication unit 11 and the upper communication unit 22.
[0052] Note that, when the second beacon signal B2 is not sent, the lower system slave 3 may fail to synchronize with
the lower system master 1 and therefore may send the wireless signal S1 within the time slot TSn different from the time
slot TSn (n = 1, 2, ...) allocated to the lower system slave 3. In contrast, the lower system slave 3 of the present embodiment
is configured to measure the length of elapsed time from receiving of the second beacon signal B2 by use of the timer
33. Therefore, in the communication system, the processor 32 of the lower system slave 3 can determine a period of
time corresponding to the time slot TSn (n = 1, 2, ...) allocated to the lower system slave 3, based on the length of
elapsed time measured by the timer 33. Accordingly, the processor 32 of the lower system slave 3 can instruct the
transceiver 31 to send the wireless signal S1 within the period of time corresponding to the time slot TSn (n = 1, 2, ...)
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allocated to the lower system slave 3.
[0053] Note that, when as for communication between the upper system master 2 and the lower system master 1
communication error occurs successively, a condition where the second beacon signal B2 cannot be sent may occur
multiple times successively. In this case, the lower system slave 3 may fail to synchronize with the lower system master
1 even if the lower system slave 3 includes the timer 33 as described above. For this reason, the lower system master
1 may be preferably configured to interrupt communication with the upper system master 2 before the length of elapsed
time measured by the timer 33 exceeds a predetermined length of time (for example, 30 seconds), and then send the
second beacon signal B2 to the lower system slave 3. Accordingly, error in synchronization between the lower system
master 1 and the lower system slave 3 which may be caused by an event that a condition where the second beacon
signal B2 cannot be sent occurs multiple times successively, can be suppressed, while communication between the
upper system master 2 and the lower system master 1 is prioritized.
[0054] Hereinafter, modifications of Embodiment 1 are described.
[0055] In Embodiment 1, the entire lower systems 20A and 20B are included in the upper system 10. However, it is
sufficient that at least communication device 1 is included in the upper system 10. Communication terminals 3 (3A to
3C) may not be included in the upper system 10.
[0056] In Embodiment 1, the two lower systems 20A and 20B are included in the upper system 10 but only the lower
system 20A may be included in the upper system 10 or only the lower system 20B may be included in the upper system
10. Alternatively, in addition to the two lower systems 20A and 20B, one or more additional lower systems may be
included in the upper system 10.
[0057] In Embodiment 1, the number of communication terminals (lower system slaves) 3 is three. However, the
number of communication terminals 3 may not be limited to three but may be one or two or four or more.
[0058] In an example illustrated in relation to Embodiment 1, the lower system master 1 plays a role of the communi-
cation device. However, any of the plurality of lower system slaves 3 may play a role of the communication device.
Stated differently, the communication device may have the same configurations and functions as the communication
terminal. In this case, for example, a lower system slave 3 which is one of the plurality of lower system slaves 3 and is
first registered with the upper system master 2 may be selected as the communication device, and the remaining lower
system slave(s) 3 may be selected as the communication terminal(s).
[0059] In an example illustrated in relation to Embodiment 1, communication error is referred to as one of concrete
examples of a case where communication between the lower system master 1 and the upper system master 2 becomes
longer. However, such concrete examples include a case where synchronization between the lower system master 1
and the upper system master 2 is lost. In more detail, in this case, it is necessary to synchronize the lower system master
1 and the upper system master 2 with each other again, and therefore this may lead to an increase in a communication
period of time. Therefore, also in this case, it is preferable to instruct the communication unit 11 not to send the second
beacon signal B2 in order to prioritize communication between the lower system master 1 and the upper system master 2.

(EMBODIMENT 2)

[0060] A communication device and a communication system according to Embodiment 2 are described with reference
to FIG. 5. Note that, configurations of the communication device and the communication system are same as those in
Embodiment 1, and therefore the same components are designated by same reference signs to avoid redundant de-
scriptions.
[0061] In the communication system of Embodiment 1, there are three lower system slaves 3, and the length of the
frame F1 set after sending of the second beacon signal B2 is shorter than the second length of time T2 (see FIG. 3). In
contrast, when the length of the frame F1 is longer than the second length of time T2, there may be a probability that
the lower system master 1 fails to receive all the wireless signals S1 sent from the individual lower system slaves 3. For
this reason, when the length of the frame F1 is longer than the second length of time T2, it is preferable that the frame
F1 be divided into a plurality of divided frames DFm (m = 1, ...).
[0062] In an example shown in FIG. 5, it is supposed that twenty lower system slaves 3 are used. The frame F1 is
divided into a divided frame DF1 constituted by six time slots TS15 to TS20 and a divided frame DF2 constituted by
fourteen time slots TS1 to TS 14. These divided frames DF1 and DF2 have lengths shorter than the second length of
time T2. The divided frames DF2 is set within a period of time between receiving of the second beacon signal B2 and
receiving of the first beacon signal B1 which comes next, and the divided frames DF1 is set within the communication
period of time CP2 between receiving of the first beacon signal B1 and receiving of the second beacon signal B2.
Apparently, even when the number of lower system slaves 3 included in the lower system 20 is increased, it is possible
to receive all the wireless signals S1 from the individual lower system slaves 3 by use of the communication period of
time CP2.
[0063] Hereinafter, modifications of Embodiment 2 are described.
[0064] Embodiment 2 relates to a case where the number of lower system slaves 3 is increased. This is applicable to
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a case where an amount of data to be transmitted is increased, for example. An increase in an amount of data may
result in failure to send it via one time slot TSn (n = 1, 2, ...). In this case, the data is divided into pieces of divided data,
and then sent. Therefore, this case may result in an increase in the number of time slots TSn, and accordingly the length
of the frame F1 may become longer than the second length of time T2. Therefore, it is preferable to divide the frame F1
into a plurality of divided frames even when an amount of data to be transmitted is increased.
[0065] Additionally, in Embodiment 2, the frame F1 is divided into the two divided frames DF1 and DF2. However, the
frame F1 may not be limited to being divided into two, but may be divided into three or more. When the frame F1 is
divided into three or more, two or more divided frames may be set within the communication period of time CP2.
[0066] Additionally, the configurations described in relation to Embodiment 2 can be used in combination with any
modifications described in relation to Embodiment 1 in appropriate ways.

(CONCLUSIONS)

[0067] As apparent from the aforementioned embodiments, a communication device (1) of the first aspect is configured
to constitute an upper system (10) together with an upper communication device (2), to constitute, together with at least
one communication terminal (3), a lower system (20) using a communication scheme different from a communication
scheme of the upper system (10). The communication device (1) is configured to establish synchronous communication
with the upper communication device (2) and the at least one communication terminal (3). The communication device
(1) includes a communication unit (11) and a control unit (12) configured to control the communication unit (11). The
communication unit (11) is configured to send to and receive from the upper communication device (2) and the at least
one communication terminal (3) a wireless signal (S1) using a radio wave as a communication medium. The control unit
(12) is configured to, when a predetermined length of time (T3) elapses from receiving a first beacon signal (B1) from
the upper communication device (2) by the communication unit (11), instruct the communication unit (11) to send a
second beacon signal (B2) to the at least one communication terminal (3).
[0068] According to the first aspect, the second beacon signal (B2) is sent after the predetermined length of time (T3)
elapses from receiving of the first beacon signal (B1) from the upper communication device (2), and consequently
collision between the first beacon signal (B1) and the second beacon signal (B2) can be suppressed. Additionally,
communication with the upper communication device (2) of the upper system (10) can be established within a period of
time from receiving of the first beacon signal (B1) to sending of the second beacon signal (B2).
[0069] In the communication device (1) of the second aspect which would be realized in combination with the first
aspect, the communication scheme in the lower system (20) is time division multiple access. The time division multiple
access allows the at least one communication terminal (3) to send the wireless signal (S1) within a time slot (TSn) which
is one of a plurality of time slots (TSn (n = 1, 2, ...)) set after receiving the second beacon signal (B2) and is allocated
to the at least one communication terminal (3). A length of a frame (F1) constituted by the plurality of time slots (TSn)
is shorter than a second length of time (T2) calculated by subtracting the predetermined length of time (T3) from a first
length of time (T1) equal to a sending interval of the first beacon signal (B1).
[0070] According to the second aspect, the frame (F1) can be set within the first length of time (T1) equal to the sending
interval of the first beacon signal (B1) and therefore the communication device (1) can receive both the first beacon
signal (B1) and the frame (F1). Note that, this configuration is optional for the communication device (1). For example,
the length of the frame (F1) may be longer than the second length of time (T2).
[0071] In the communication device (1) of the third aspect which would be realized in combination with the first aspect,
the communication scheme in the lower system (20) is time division multiple access. The time division multiple access
allows the at least one communication terminal (3) to send the wireless signal (S1) within a time slot (TSn) which is one
of a plurality of time slots (TSn (n = 1, 2, ...)) set after receiving of the second beacon signal (B2) and is allocated to the
at least one communication terminal (3). The control unit (12) is configured to, when a length of a frame (F1) is longer
than a second length of time (T2) calculated by subtracting the predetermined length of time (T3) from a first length of
time (T1) equal to a sending interval of the first beacon signal (B1), divide the frame (F1) into a plurality of divided frames
(DFm (m = 1,...)). The frame (F1) is constituted by the plurality of time slots (TSn). A length of each of the plurality of
divided frames (DFm) is shorter than the second length of time (T2). The control unit (12) is configured to select at least
one divided frame (DFm) of the plurality of divided frames (DFm) as a communication period of time (CP2) from receiving
of the first beacon signal (B1) to sending of the second beacon signal (B2) by the communication unit (11).
[0072] According to the third aspect, when the length of the frame (F1) is longer than the second length of time (T2),
the control unit (12) divides the frame (F1) into the plurality of divided frames (DFm) and select at least one divided
frame (DFm) as the communication period of time (CP2). Therefore, even when the length of the frame (F1) is longer
than the second period of time (T2), the communication device (1) can receive both the first beacon signal (B1) and the
frame (F1). Note that, this configuration is optional for the communication device (1). The control unit (12) may be
configured not to divide the frame (F1) into the plurality of divided frames (DFm) even when the length of the frame (F1)
is longer than the second period of time (T2).
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[0073] In the communication device (1) of the fourth aspect which would be realized in combination with any one of
the first to third aspects, the communication unit (11) is allowed to communicate with the upper communication device
(2) during a communication period of time (CP2) from receiving of the first beacon signal (B1) to sending of the second
beacon signal (B2). The control unit (12) is configured to instruct the communication unit (11) not to send the second
beacon signal (B2) when communication between the communication unit (11) and the upper communication device
(2) fails to end within the communication period of time (CP2).
[0074] According to the fourth aspect, communication between the communication device (1) and the upper commu-
nication device (2) can be prioritized. Note that, this configuration is optional for the communication device (1). The
control unit (12) may be configured to instruct the communication unit (11) to send the second beacon signal (B2) even
when communication between the communication unit (11) and the upper communication device (2) fails to end within
the communication period of time (CP2).
[0075] A communication system of the fifth aspect includes: the communication device (1) of any one of the first to
fourth aspects; an upper communication device (2); and at least one communication terminal (3). The upper communi-
cation device (2) is configured to constitute an upper system (10) together with the communication device (1) and to
send a first beacon signal (B1) to the communication device (1). The at least one communication terminal (3) is configured
to constitute a lower system (20) together with the communication device (1) and to communicate with the communication
device (1) by a communication scheme different from a communication scheme used by the upper communication device
(2) to communicate with the communication device (1).
[0076] According to the fifth aspect, the aforementioned communication device (1) is used and consequently it is
possible to suppress collision between the first beacon signal (B1) and the second beacon signal (B2) respectively sent
in the upper system (10) and the lower system (20) with different communication schemes.
[0077] In the communication system of the sixth aspect which would be realized in combination with the fifth aspect,
the at least one communication terminal (3) includes a transceiver (31), a timer (33), and a processor (32). The transceiver
(31) is configured to send to and receive from at least the communication device (1) a wireless signal (S1) using a radio
wave as a communication medium. The timer (33) is configured to measure a length of elapsed time from receiving of
a second beacon signal (B2) from the communication device (1) by the transceiver (31). The processor (32) is configured
to instruct the transceiver (31) to send the wireless signal (S1) within a time slot (TSn) which is one of a plurality of time
slots (TSn (n = 1, 2, ...)) set after receiving of the second beacon signal (B2) and is allocated to the at least one
communication terminal (3). The processor (32) is configured to, when the transceiver (31) fails to receive the second
beacon signal (B2), instruct the transceiver (31) to send the wireless signal (S1) at a predetermined timing. The prede-
termined timing is a timing when the length of elapsed time measured by the timer (33) indicates start of the time slot
(TSn) which is one of the plurality of time slots (TSn) and is allocated to the at least one communication terminal (3).
[0078] According to the sixth aspect, even when the transceiver (31) fails to receive the second beacon signal (B2),
it is possible to send the wireless signal (S1) from the transceiver (31) at a timing when the length of elapsed time
measured by the timer (33) indicates start of the time slot (TSn) allocated to the at least one communication terminal
(3). In summary, according to the sixth aspect, the at least one communication terminal (3) can establish synchronous
communication with the communication device (1) even when failing to receive the second beacon signal (B2). Note
that, this configuration is optional for the communication system, and the timer (33) may be omitted.
[0079] According to the communication system of the seventh aspect which would be realized in combination with the
sixth aspect, the communication device (1) is configured to, when an event that the communication device (1) fails to
send the second beacon signal (B2) due to the communication device (1) being communicating with the upper commu-
nication device (2), occurs continuously multiple times, interrupt communicating with the upper communication device
(2), and also send the second beacon signal (B2) to the at least one communication terminal (3).
[0080] According to the seventh aspect, when the event that sending the second beacon signal (B2) results in failure
occurs continuously multiple times, communicating with the upper communication device (2) is interrupted, and the
second beacon signal (B2) is sent to the at least one communication terminal (3). Consequently, it is possible to suppress
error in synchronization between the at least one communication terminal (3) and the communication device (1). Note
that, this configuration is optional for the communication system. For example, the communication device (1) may be
configured to, even when the event that the communication device (1) fails to send the second beacon signal (B2) due
to the communication device (1) being communicating with the upper communication device (2), occurs continuously
multiple times, continue communicating with the upper communication device (2). In short, communication between the
communication device (1) and the upper communication device (2) may be prioritized.

Reference Signs List

[0081]

1 Communication Device
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2 Upper Communication Device
3, 3A to 3C Communication Terminal
10 Upper System
11 Communication Unit
12 Control Unit
20, 20A, 20B Lower System
31 Transceiver
32 Processor
33 Timer
B1 First Beacon Signal
B2 Second Beacon Signal
CP2 Communication Period of Time
DFm (m = 1, ...) Divided Frame
F1 Frame
S1 Wireless Signal
T1 First Period of Time
T2 Second Period of Time
T3 Predetermined Period of Time
TSn (n = 1, 2, ...) Time Slot

Claims

1. A communication device (1) configured to constitute an upper system (10) together with an upper communication
device (2), to constitute, together with at least one communication terminal (3), a lower system (20) using a com-
munication scheme different from a communication scheme of the upper system (10), and to establish synchronous
communication with the upper communication device (2) and the at least one communication terminal (3),
the communication device (1) comprising:

a communication unit (11) configured to send to and receive from the upper communication device (2) and the
at least one communication terminal (3) a wireless signal (S1) using a radio wave as a communication medium;
and
a control unit (12) configured to control the communication unit (11),

wherein the control unit (12) is configured to, when a predetermined length of time (T3) elapses from receiving a
first beacon signal (B1) from the upper communication device (2) by the communication unit (11), instruct the
communication unit (11) to send a second beacon signal (B2) to the at least one communication terminal (3).

2. The communication device (1) according to claim 1, wherein:

the communication scheme in the lower system (20) is time division multiple access allowing the at least one
communication terminal (3) to send the wireless signal (S1) within a time slot (TSn) which is one of a plurality
of time slots (TSn) set after receiving the second beacon signal (B2) and is allocated to the at least one com-
munication terminal (3); and
a length of a frame (F1) constituted by the plurality of time slots (TSn) is shorter than a second length of time
(T2) calculated by subtracting the predetermined length of time (T3) from a first length of time (T1) equal to a
sending interval of the first beacon signal (B1).

3. The communication device (1) according to claim 1, wherein:

the communication scheme in the lower system (20) is time division multiple access allowing the at least one
communication terminal (3) to send the wireless signal (S1) within a time slot (TSn) which is one of a plurality
of time slots (TSn) set after receiving of the second beacon signal (B2) and is allocated to the at least one
communication terminal (3);
the control unit (12) is configured to, when a length of a frame (F1) constituted by the plurality of time slots (TSn)
is longer than a second length of time (T2) calculated by subtracting the predetermined length of time (T3) from
a first length of time (T1) equal to a sending interval of the first beacon signal (B1), divide the frame (F1) into a
plurality of divided frames (DFm);
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a length of each of the plurality of divided frames (DFm) is shorter than the second length of time (T2); and
the control unit (12) is configured to select at least one divided frame (DFm) of the plurality of divided frames
(DFm) as a communication period of time (CP2) from receiving of the first beacon signal (B1) to sending of the
second beacon signal (B2) by the communication unit (11).

4. The communication device (1) according to any one of claims 1 to 3, wherein:

the communication unit (11) is allowed to communicate with the upper communication device (2) during a
communication period of time (CP2) from receiving of the first beacon signal (B1) to sending of the second
beacon signal (B2); and
the control unit (12) is configured to instruct the communication unit (11) not to send the second beacon signal
(B2) when communication between the communication unit (11) and the upper communication device (2) fails
to end within the communication period of time (CP2).

5. A communication system comprising:

the communication device (1) according to any one of claims 1 to 4;
an upper communication device (2) configured to constitute an upper system (10) together with the communi-
cation device (1) and to send a first beacon signal (B1) to the communication device (1); and
at least one communication terminal (3) configured to constitute a lower system (20) together with the commu-
nication device (1) and to communicate with the communication device (1) by a communication scheme different
from a communication scheme used by the upper communication device (2) to communicate with the commu-
nication device (1).

6. The communication system according to claim 5, wherein:

the at least one communication terminal (3) includes

a transceiver (31) configured to send to and receive from at least the communication device (1) a wireless
signal (S1) using a radio wave as a communication medium,
a timer (33) configured to measure a length of elapsed time from receiving of a second beacon signal (B2)
from the communication device (1) by the transceiver (31), and
a processor (32) configured to instruct the transceiver (31) to send the wireless signal (S1) within a time
slot (TSn) which is one of a plurality of time slots (TSn) set after receiving of the second beacon signal (B2)
and is allocated to the at least one communication terminal (3); and

the processor (32) is configured to instruct the transceiver (31) to send the wireless signal (S1) when the
transceiver (31) fails to receive the second beacon signal (B2) and when the length of elapsed time measured
by the timer (33) indicates start of the time slot (TSn) which is one of the plurality of time slots (TSn) and is
allocated to the at least one communication terminal (3).

7. The communication system according to claim 6, wherein
the communication device (1) is configured to, when an event that the communication device (1) fails to send the
second beacon signal (B2) due to the communication device (1) being communicating with the upper communication
device (2), occurs continuously multiple times, interrupt communicating with the upper communication device (2)
and send the second beacon signal (B2) to the at least one communication terminal (3).
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